INTRODUCTION
From time to time, all neurologists are asked to see patients with funny turns in sleep, the usual question being, 'Does this person have epilepsy?' Answering this may be relatively straightforward, particularly if the individual has witnessed tonic-clonic seizures, but this is not always the case. Frontal lobe seizures can be particularly difficult to recognise as they may have unusual or subtle clinical manifestations, and can occur exclusively from sleep: this is termed 'nocturnal frontal lobe epilepsy' (NFLE). Several non-epileptic sleep disorders can present with 'attacks', some of which may be relatively unfamiliar to the general neurologist, making a confident diagnosis difficult.
In this article I provide an overview of the range of epileptic and non-epileptic sleep disorders, their clinical characteristics, and the appropriate use of investigations. I have divided this into three sections: first, a review of disorders (epileptic and non-epileptic) which can present with paroxysmal events from sleep; second a discussion of key features when taking the history; and finally a discussion of the role of investigations.
THE DIFFERENTIAL DIAGNOSIS Nocturnal seizures
There are many types of epileptic seizures, most of which can occur from sleep, and in many cases recognising seizures from sleep is not difficult. For example, it is usually possible to identify tonic-clonic seizures confidently, particularly if there is a witness account or if there are seizure markers (such as tongue biting, incontinence and myalgia). Temporal lobe seizures arising from sleep can occasionally cause diagnostic confusion, but this is not a common problem; most people with temporal lobe epilepsy have seizures during wakefulness and sleep, 1 and the presence of awake events usually enables accurate diagnosis of sleep-related attacks. Seizures in temporal lobe epilepsy often have a characteristic pattern of daytime focal dyscognitive (complex partial) seizures, and infrequent nocturnal secondarily generalised tonicclonic seizures. Although exclusively nocturnal temporal lobe epilepsy does exist, it is rare. 2 In contrast, frontal lobe epilepsy can cause significant diagnostic confusion, for two reasons. First, frontal lobe seizures have a wide range of clinical features, from the very subtle to the bizarre and dramatic, 3 and so patient and witness descriptions may seem atypical for epilepsy. And second, they have a strong preponderance to occur from sleep. Most people with frontal lobe epilepsy have a large proportion of their seizures during sleep, 4 with those who have 90% or more from sleep said to have 'NFLE'.
Nocturnal frontal lobe epilepsy NFLE is not rare. Although there are no accurate epidemiological data, we can draw some inferences from available data. Pure sleep epilepsies make up around 10% of all cases of epilepsy, 5 and a substantial proportion of these have NFLE 6 ; in one tertiary referral centre, 6.3% of all patients undergoing video monitoring for drug-resistant epilepsy had NFLE. 6 It can present at almost any age, most commonly in childhood, with the median age at onset in the largest published series being 14 years. 3 The semiology of frontal lobe seizures is highly variable. This contrasts with many other seizure typesfor example, tonic-clonic seizures and temporal lobe seizures in different patients generally look very similar to the observer. A full review of the semiology of frontal lobe seizures is beyond the scope of this article, and can be found elsewhere, 4 but the events are often bizarre and dramatic. The most commonly reported features include:
▸ aura (often non-specific, sometimes a choking sensation 7 ).
▸ explosive onset of motor activity. ▸ prominent motor automatisms, sometimes with semipurposeful quality 8 (bimanual and bipedal movementssuch as cycling, kicking, running; and axial movements -such as rocking, sitting, twisting). ▸ prominent vocalisation (often unintelligible screaming, sometimes palilalia or obscenities).
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▸ tonic posturing or clonic jerking (not always present). ▸ partial or complete preservation of consciousness.
However, it is important to appreciate that in NFLE, seizures tend to occur from sleep, and are modified by sleep. In addition to major reported events, individuals often have very frequent, very brief epileptic events throughout non rapid eye movement (NREM) sleep ( particularly from stage N2). These brief seizures may look like recurrent arousals, with few behavioural features suggesting seizures, and are best considered 'fragments' of the individual's full seizures. 3 9 NFLE therefore presents in a variety of ways. At one end of the spectrum, a person can have dramatic events with screaming, running and retained awareness; others may have more 'typical' events with stiffening (asymmetrical tonic posturing) and kicking (bipedal automatisms); and yet others may have only frequent, brief, subtle arousals and associated daytime sleepiness. This variability makes generalising about the features of NFLE difficult, and is one of the reasons diagnosis can be so difficult.
There is a genetic form of NFLE, autosomal dominant nocturnal frontal lobe epilepsy (ADNFLE), where patients have the typical NFLE phenotype and normal neuroimaging, but with an autosomal dominant inheritance pattern. There are several identified genetic mutations for this condition, mostly in genes coding for subunits of the nicotinic acetylcholine receptor (α4, α2 or β2) . This receptor appears to play a critical role in autosomal dominant NFLE, although recently described mutations in unrelated genes (KCNT1) 10 suggest that other mechanisms may also be important.
Parasomnias and other non-epileptic sleep disorders
There are many non-epileptic disorders of sleep, but I will focus on those conditions most frequently confused with seizures, in particular parasomnias. 11 Parasomnias are a group of conditions defined as 'unpleasant or undesirable behavioural or experiential phenomena occurring predominantly or exclusively during the sleep period'. 12 Like seizures, these present with paroxysmal behaviours arising from sleep, and like NFLE, can have a range of presentations from the subtle to the strange and dramatic. There are three main types of parasomnia: non-rapid eye movement (REM) arousal parasomnias, REM behaviour disorder and overlap parasomnia (in which REM and NREM parasomnias occur).
NREM arousal parasomnias (arousal disorders)
NREM parasomnias are the most prevalent parasomnias, and the most likely to cause diagnostic confusion with epilepsy. They usually begin in childhood, when they are very common, but tend to stop in adolescence. While 15-20% of preadolescent children 13 have had at least one episode of sleepwalking, only 1-4% of adults have ongoing NREM parasomnias. 14 They can be variable in their presentation, which is often loosely subdivided into three types. Although these have the same underlying mechanisms, 15 there is substantial overlap. Irrespective of subtype, events can be brief (lasting for only a minute or two) or more prolonged (sometimes lasting for over half an hour).
▸ Confusional arousals are sudden arousals from sleep with apparent confusion, but little motor or autonomic involvement. ▸ Somnambulism (sleepwalking) is associated with motor activity, typically walking, but sometimes with other semipurposeful tasks such as moving objects, talking nonsensically, dressing, eating or drinking, 16 although with little autonomic or affective involvement. ▸ Sleep terrors ( pavor nocturnus) are dramatic events characterised by prominent autonomic and affective features including apparent fear, agitation, screaming, tachycardia and diaphoresis.
They are believed to arise through incomplete or impaired arousal from deep NREM sleep, 17 resulting in an 'overlapping' of sleep and wake states (ie, parts of the brain are 'awake' while other parts remain 'asleep'). 18 The underlying mechanism can be considered in terms of the '3 Ps'. 19 First, individuals have a genetic predisposition (although the genes involved are unknown). Second, a priming factor is often necessary, causing unusual sleep quality, such as prior sleep deprivation or drugs which affect sleep (such a sedatives, antiepileptic drugs, etc). 20 Third, a precipitant, causing arousals (such as obstructive sleep apnoea) 21 acts as the final trigger for individual events. Arousal parasomnias are quasi-physiological phenomena, with no associated abnormalities on EEG or neuroimaging. They tend to occur in the first half of the night, an hour or more after sleep onset, as this is when the bulk of slow wave sleep occurs (figure 1). EEG during events usually shows modified sleep patterns, although at times there may be a 'dissociated' pattern, with awake α activity and sleep patterns occurring simultaneously in different parts of the EEG. 15 
REM sleep behaviour disorder (RBD)
The most important parasomnia arising from REM sleep is RBD. This predominantly affects people over age 50 years, 22 and about 80% are men. 23 It is strongly associated with degenerative neurological conditions, ( particularly α-synucleinopathies such as Parkinson's disease and multiple system atrophy 22 23 ) with the sleep disorder often preceding parkinsonian features by several years. 24 Detailed discussion of this relationship is beyond the scope of this review and can be found elsewhere. 25 RBD arises through the failure of normal muscle atonia during REM sleep, and results in dream enactment (termed 'oneiric' behaviours). Events tend to occur late in the sleep period (usually in the second half of the night), when the greatest proportion of REM sleep occurs 26 ( figure 1 ). Reported behaviours can be complex and violent; screaming, punching, kicking and gesturing are common, 22 and can result in injury to the patient or bed partner, 23 although more subtle brief jerky movements are also common. In contrast to NREM parasomnias and NFLE, standing and walking are very uncommon in RBD, though patients may fall out of bed. 27 Individuals can usually be wakened from events in RBD, when they may recall vivid dreams, 28 but if left alone will usually return to sleep and remain oblivious to their sleep behaviour.
Although distinguishing RBD from NFLE can sometimes cause problems, the combination of the patient demographic, timing of the events, prominent dream recall and typical 'acting out' of dreams, usually enables a confident diagnosis.
'Overlap' parasomnia Some people have parasomnias with features of RBD and NREM arousal parasomnias. 29 This is best considered a subgroup of RBD, and probably has similar implications in terms of its relationship with degenerative disorders.
Other (non-parasomnia) sleep disorders While parasomnias are the major differential diagnosis for NFLE, there are several other sleep disorders to consider.
Rhythmic movement disorder ( jactatio capitis nocturna)
is extremely common in infants and very young children, but usually resolves by around the age of 5 years. It is uncommon in adulthood, although can occur in association with autism or intellectual disability. 30 It should not be confused with epilepsy, although its relative rarity in adulthood may occasionally lead to misdiagnosis. It manifests as stereotyped repetitive movements of the head and neck occurring at sleep onset, stage 1 sleep and during short arousals in light sleep. 31 The most common movements are repetitive head rolling or head banging. It is associated with varying degrees of awareness; some patients are aware of the movements as they drift off to sleep, and may acknowledge a semivoluntary component to them, whereas others are not. 32 2. Periodic limb movements during sleep are repetitive, intermittent, stereotyped movements of the legs (typically extension of the great toe and dorsiflexion of the ankle), and occasionally the upper limbs, during NREM sleep. The movements occur at relatively predictable intervals (usually every 5-90 s), over minutes to hours and should not usually be confused with epilepsy. 3. Sleep starts (also known as hypnic jerks) are very common, quasi-physiological myoclonic jerks that occur at the transition from wakefulness to sleep, and are frequently associated with a hallucination of movement (often a sensation of falling). They rarely require investigation or treatment, although if very severe can cause sleep-onset insomnia, a condition known as excessive fragmentary hypnic myoclonus. 33 4. Obstructive sleep apnoea is common, and when it presents in a typical fashion (excessive daytime sleepiness in an overweight patient, with a good witness account of snoring, choking and apnoeic periods) should not cause diagnostic confusion. Sometimes, however, in less typical cases, its recurrent arousals can mimic the brief arousals of NFLE (and vice versa). 34 35 although video EEG studies show these arise from a pseudosleep state, in which the EEG shows an awake pattern at onset even though the patient appears asleep. Dissociative seizures restricted exclusively to 'pseudosleep' are uncommon, with most patients having events in wakefulness and apparent sleep. 34 6. Nocturnal panic attacks. These are closely related to psychogenic non-epileptic attacks. During them, the patient wakes with a feeling of intense fear and tachycardia; return to sleep is difficult, events are often relatively prolonged (sometimes up to 30 min) and patients typically have vivid recall of the events. 36 Nocturnal panic attacks occur in around half of people with a panic disorder; although a small subgroup has symptoms predominantly from sleep, purely nocturnal panic attacks are uncommon. 36 Overall, most non-epileptic sleep disorders should be easily diagnosed, and distinguished from epilepsy, if there is an adequate history. However, differentiating NREM arousal parasomnias from frontal lobe seizures can be difficult even with a good witness account, and this differential is the main source of diagnostic confusion. In the next section I consider the clinical features that can assist in this situation.
5.
Nocturnal dissociative seizures ( psychogenic non-epileptic seizures, pseudoseizures). Up to 58% of people with dissociative seizures report events from 'sleep',
MAKING THE RIGHT DIAGNOSIS: WHAT TO ASK IN THE HISTORY The important questions
Although distinguishing NFLE from NREM arousal parasomnias can be difficult, the answers to some key questions from patient and witness can help. I have listed these questions below, in order of what I find to be their diagnostic usefulness, and these are summarised in table 1.
When do the events occur?
NFLE seizures characteristically occur during stage N2 sleep, thus soon after falling asleep (within 30 min), or just before waking in the morning, when stage N2 sleep is prevalent 37 ( figure 1 ). In contrast, NREM parasomnias arise from slow wave sleep; the longest period of consolidated slow wave sleep generally occurs around 1-2 h after falling asleep, which is when parasomnias tend to occur.
If events occur during brief daytime naps, this points strongly towards NFLE; stage N2 sleep is commonly reached during such naps, but it is very unusual to enter slow wave sleep in this situation.
How many events occur during one night?
Individuals with NFLE often report multiple attacks in one night (usually between three and eight in a single night, 3 37 but sometimes more). Clustering is common, with many seizures occurring over one or more nights, followed by a period of weeks or months with very few, if any, events. In contrast, parasomnias infrequently occur more than once or twice per night, and clusters are less common. 38 It can help to ask about the 'typical' number of attacks in a night, as well as the most they can ever remember having in a single night.
Does the patient remember anything about the event afterwards?
Awareness is often but not invariably retained in NFLE, as the seizure wakes the patient but is not itself associated with loss of consciousness. If so, the patient may recall an aura (typically a somatic sensation or a feeling of being unable to breathe 7 39 ), as a feeling of tightening or spasm in muscles. In contrast, with NREM parasomnias there is typically either no recollection or occasionally a very vague recollection of 'something' having happened; patients may report a hazy recollection of a sense of fear, or a sinister 'shape' in the room, but generally with little detail.
In general, an absence of recollection, or vague recollection only, is non-diagnostic, but clear recall of some events favours NFLE. What does the patient do during the episode? (witness account essential)
The motor patterns during NFLE and parasomnias, such as arousal, wandering, semipurposeful automatisms and distress, may occur in both conditions, and there are very few specific individual features which discriminate between them. 15 38 Nevertheless, certain features can help.
▸ Complex, interactive speech is relatively uncommon in NFLE (in which single words or very brief phrases are more typical) and favours parasomnia. ▸ Stiffening and dystonic posturing often occur in NFLE, (reflecting involvement of the supplementary motor area) but is very unusual in parasomnias, 3 15 and witnesses should be asked specifically about these features. ▸ Prominent bipedal ('cycling') automatisms strongly suggest NFLE and are very rare in parasomnias. ▸ A high degree of interaction with the environment (conversations with people, complex behaviours such as opening cupboards, turning on lights, etc) is uncommon in epilepsy and favours parasomnias. However, this can be difficult-basic interaction (eg, grabbing nearby objects) is well-recognised in NFLE so the interpretation of such behaviour requires caution.
How long do the events last?
Seizures in NFLE are usually very brief, lasting less than 1 min. Even allowing for the unreliability of witness estimates of event duration, a reported duration of more than 2 min makes NFLE less likely. 3 Although parasomnias can also be brief, they often last for several minutes; some may go on for 15 min or longer, with a waxing and waning quality.
When did they start?
NREM parasomnias tend to appear in childhood, with a peak prevalence between 5 years and 10 years. 38 40 NFLE can begin at any age; the mean age of onset is 14 years, 3 but onset in adulthood is common. REM sleep behaviour disorder typically occurs in an older age group ( predominantly men over 50 years). There is considerable variability around all these figures, limiting the diagnostic usefulness of age of onset, but the following are (in my view) reasonable 'rules of thumb': onset from midteens to age 50 years suggests NFLE; onset over 50 years raises the possibility of RBD; and onset in childhood or early teenage years does not help to discriminate between these entities.
Are the events always the same?
Video studies of NFLE show marked stereotypy in many patients with NFLE; in some people their brief attacks are clearly identical to the onset of their longer seizures. 15 Parasomnias, on the other hand, while often broadly similar in a given individual, usually show a degree of variability. 15 I always ask about this feature, but I find its usefulness based on the history quite limited; witnesses may say the different events are 'the same' based on their overall quality, and seizures may appear quite varied even if the onset is identical (as some may last longer and be more dramatic than others).
The Frontal Lobe Epilepsy and Parasomnias (FLEP) Scale
It is worth emphasising that due to the variability of NFLE and parasomnias, none of these features is sufficiently reliable to form the basis of diagnosis when taken in isolation. However, a careful history including all these points will often be sufficient to distinguish NFLE from parasomnias. 41 The diagnostic process may be facilitated by use of the Frontal Lobe Epilepsy and Parasomnias (FLEP) scale 41 ( figure 2 ). The FLEP scale is a brief clinical questionnaire, incorporating the features outlined above, with responses allocated a positive score if they favour epilepsy, a negative one if they favour parasomnias.
The scale is designed to group patients into one of three groups, based on the history: a score of +3 or more favours NFLE; a score of below zero favours parasomnia (non-epilepsy); and a score of 0-3 is 'indeterminate'.
Our initial validation study of the FLEP scale found a positive predictive value of 0.91 and negative predictive value of 1.00. A subsequent validation study, undertaken by a different group, found comparable results, with a positive predictive value of 1.00 and negative predictive value of 0.91 42 but with a high proportion of 'indeterminate' scores (30.9%). 42 Nevertheless, the statistical analyses indicate that the scale represents a reasonable screening tool for NFLE, particularly in those people in whom further investigation may be difficult.
INVESTIGATIONS: CAN THEY HELP?
Further investigation may be necessary if, despite an adequate history, there is still diagnostic uncertainty (eg, a FLEP score of 1). It is important, however, to appreciate the limitations of investigation in this situation.
EEG
In diagnostic uncertainty, an EEG including a period of NREM sleep (generally a sleep-deprived EEG) may be considered. Epileptiform abnormalities are found in only 33% of awake EEGs and 45% of sleep EEGs, 3 with over 50% of people with NFLE having entirely normal awake and sleep EEG.
The EEG in parasomnias is generally normal; thus a normal interictal EEG does not advance the diagnosis. The presence of epileptiform discharges strongly favours epilepsy, but, as always, it is important to avoid overinterpretation of more non-specific EEG changes (such as focal slowing).
Neuroimaging
Neuroimaging sometimes helps in the differential diagnosis, though often not. The largest reported series of NFLE described epileptogenic abnormalities (including cortical dysplasias, ischaemic or gliotic lesions) in only 14% of cases, although some subjects in this study had only a CT scan and it seems likely that the true proportion of 'lesional' cases is higher than this using modern MRI techniques.
As with EEG, the finding of an epileptogenic lesion on neuroimaging may significantly influence the diagnosis, but the same caveats apply. A normal study does not help from a diagnostic perspective, as most people with NFLE have normal neuroimaging; and conversely, it is important not to overinterpret the relevance of non-epileptogenic 'incidentalomas'.
Video EEG monitoring
If EEG and neuroimaging show no diagnostic features, inpatient video-EEG monitoring is often required, although there are practical and resource limitations to this. Availability varies widely, and the investigation is expensive usually requiring a 1-2-week inpatient admission. Capturing events may also be difficult, particularly when these occur infrequently.
Even when seizures are recorded using video EEG monitoring, the ictal EEG may be non-diagnostic. Only around half of NFLE seizures are associated with clear epileptiform ictal rhythms of EEG, 3 due to either prominent movement and muscle artefact obscuring cerebral rhythms, or a deep mesial seizure focus which results in subtle or inconclusive scalp EEG changes. While intracranial depth electrodes confirm the epileptic basis to seizures and arousals in NFLE, 43 this is only ever indicated in patients being worked up for epilepsy surgery and is not appropriate in a diagnostic setting.
Thus NFLE seizures and parasomnias may be associated with only non-specific, non-diagnostic changes, although stage of sleep from which the event occurs can help; epileptic events arise more commonly from light sleep (stage N2) and parasomnias more typically from slow wave sleep (N3). 15 In the absence of definitive EEG abnormalities, however, analysis of ictal semiology is usually the key Conversely, a waxing and waning pattern of behaviours, a failure to rouse to full wakefulness after the event, and an indistinct offset to episodes favour a diagnosis of parasomnias. 15 Often the end of events, noting whether the event wakes the patient, and whether there is a clearly defined offset (both typical in NFLE) is very helpful. Figure 3 shows a simple algorithm, based on detailed semiological analysis of 120 events, 15 which can help when assessing ictal semiology in the absence of definitive EEG changes.
Other investigations
1. Polysomnography with video may be used, particularly if there is a high suspicion of obstructive sleep apnoea or other sleep disorders such as periodic limb movements of sleep (PLMS), although the EEG data on standard polysomnography is generally limited to four or six channels, and is inferior to standard diagnostic EEG. Full video-EEG-polysomnography is the 'gold standard' investigation, but this is usually only available in a small number of specialist centres, and the often prolonged periods of monitoring required to capture attacks (1-2 weeks) may not be practicable in many polysomnography units. 2. Home video: The widespread availability of portable video devices, particularly on smartphones, has increased the potential for the use of home video for the diagnosis of attack disorders in general. However, often this can be difficult to achieve, as events are often brief, occur at a time when potential witnesses are also asleep, and in poor lighting conditions. Capturing event onset can be particularly difficult, and this limits the usefulness of this technique, but nevertheless if adequate video footage can be obtained this can be helpful. 3. Trial of antiepileptic drugs: In difficult cases it can be tempting to consider a trial of an antiepileptic drug as a diagnostic test. Although intuitively attractive, this approach has no evidence base to support its use, and may be misleading. Many antiepileptic drugs have effects on sleep architecture and so have the potential to affect parasomnias as well as seizures; in addition around 30% of NFLE cases are refractory to treatment, 44 so a lack of response does not reliably distinguish between these conditions. Trials of treatment are therefore rarely justified.
CONCLUSION
A confident diagnosis of events arising from sleep requires an appreciation of the range and clinical features of non-epileptic sleep disorders and sleep-related epileptic seizures. This will often enable a confident diagnosis if there is an adequate history, ideally from the patient and a witness. Distinguishing between parasomnias and NFLE can be difficult, even with detailed descriptions; the FLEP scale can help in this context, while recognising its limitations. In uncertain cases, clinicians may request investigations including MRI brain and EEG, but these are often normal in parasomnias and NFLE, and it is important to avoid overinterpreting minor abnormalities. Recording of attacks on home video, polysomnography or video EEG monitoring is ideal, though not always achievable, and even when events are recorded the findings may be difficult to interpret. Overall, although no individual test or clinical feature can be relied upon in isolation, by using a combination of available modalities it is usually possible to arrive at a confident diagnosis.
